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Abstract
Normal aging is accompanied by renal functional and morphological
deterioration and dietetic manipulation has been used to delay this
age-related decline. We examined the effects of chronic administra-
tion of diets containing 5% lipid-enriched diet (LD, w/w) on renal
function of rats at different ages. Three types of LD were tested: canola
oil, fish oil and butter. Mean systemic tail-cuff blood pressure and
glycemia remained within the normal range whatever the age and the
diet of the animals. Proteinuria began to rise from the 8th month in the
groups ingesting LD, while in the control group it increased signifi-
cantly (above 10 mg/24 h) only after the 10th month. With age, a
significant and progressive decline in glomerular filtration rate (GFR)
and renal plasma flow was observed in the LD groups but after 6
months of lipid supplementation, the decline in these parameters was
more marked in the butter and fish oil groups. By the 18th month, the
lowest GFR level was observed in the group ingesting the butter diet
(2.93 – 0.22 vs 5.01 – 0.21 ml min-1 kg-1 in control, P<0.05). Net acid
excretion, evaluated in 9- and 18-month-old rats, was stimulated in the
fish oil group when compared both to control and to the other two LD
groups. These results suggest that even low levels of LD in a chronic
nutritional regimen can modify the age-related changes in renal func-
tion and that the impact of different types of lipid-supplemented diets
on renal function depends on the kind of lipid present in the diet.
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Aging is associated with loss of renal
mass which, by itself, has little impact on
overall renal function but may increase the
vulnerability of the kidney to other injuries.
Structural changes include progressive renal
sclerosis with glomerulosclerosis and inter-
stitial fibrosis (1,2). Among several inter-
ventions performed in order to delay the
progression of the age-related decline in re-
nal function (3,4), dietetic manipulation has
emerged as one of the most frequently inves-
tigated aspects. Experimentally, hypercho-
lesterolemia has been shown to accelerate
the progression of glomerular and tubular
injury (5,6), while lipid-lowering therapies
attenuated glomerular injury in models of
glomerulosclerosis. In the great majority of
experimental studies, the influence of hyper-
lipidemia on the progression of renal injury
has been evaluated in genetically obese ani-
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mals, in animals ingesting diets containing
different levels of cholesterol plus cholic
acid in order to induce hypercholesterolemia
or in animals previously submitted to some
degree of nephron injury. In the obese Zucker
rat, hyperlipidemia is associated with the
rapid development of glomerulosclerosis (7).
Few studies have investigated the effect of
long-term lipid feeding on renal function of
normal aged rats. In the present study, we
describe the results of a study undertaken to
test the effects of chronic administration of
diets containing low levels of different types
of lipids on renal function of rats at different
ages.
Twelve-week-old EPM1 Wistar rats
weighing 250 to 320 g were fed a granular
commercial feed (Nuvilab Ltda., Curitiba,
PR, Brazil) and maintained with alternating
12-h cycles of light and darkness at a con-
stant temperature of 25oC. The animals were
housed in individual cages and were ran-
domly assigned to four groups of 10 rats
each, studied at 6, 9 and 18 months. Rats in
the experimental groups consumed a 5%
lipid-enriched diet (LD; w/w) added daily to
the commercial feed. Three types of LD
were tested: canola oil, fish oil, and butter.
Canola oil is characterized by a low concen-
tration of saturated fatty acids (FA), a rela-
tively high concentration of monosaturated
FA (predominantly oleic acid), and a moder-
ate amount of linoleic and linolenic acid.
Fish oil has a unique FA composition with
an appreciable amount of w-3 polyunsatu-
rated fatty acids (PUFAs), eicosapentaenoic
acid and docohexaenic acid but a small
amount of w-6 PUFA linoleic acid, the main
constituent of vegetable oil (8,9). w-3 PUFAs
are the precursors of less inflammatory se-
ries of prostanoids than w-6 PUFAs. Butter
was used because of its richness in saturated
FA. The control diet had about 10% fewer
calories than the fat-supplemented diets. The
food intake of the LD rats was matched to
that of the control group on a weight basis.
Body weight was recorded weekly. Sys-
tolic arterial pressure was measured indi-
rectly by tail plethysmography every 4 weeks.
In all groups glomerular filtration rate (GFR)
and renal plasma flow were determined by
measuring inulin and para-aminohippurate
clearance, respectively. Acid excretion (AE)
was calculated by the following formula: AE
= TA + NH4 - CHCO3, where TA is titratable
acidity (measured by microtitration with 0.01
N NaOH), NH4 is the ammonium excretion,
measured by a colorimetric method, and
CHCO3 is the amount of bicarbonate excreted
in urine, calculated with a blood gas analyzer
(model 248, Ciba-Corning, Halstead, Eng-
land). Twenty-four-hour urine collection was
performed with rats housed in metabolic
cages and allowed free access to water. Pro-
teinuria was measured from 3 months on
every 4 weeks. Data are expressed as the
mean – SEM. Statistical analysis was per-
formed by analysis of variance followed by
the ScheffØ test; for all analyses the null
hypothesis rejection level was set at 0.05.
Mean systemic tail-cuff blood pressure
and glycemia remained within the normal
range whatever the age and the diet of the
animals. Irrespective of age, serum choles-
terol levels were significantly decreased in
the fish oil group compared to the control,
butter and canola oil groups. Serum triglyc-
eride levels in fish oil and canola oil rats
were similar and were significantly lower
than serum triglyceride in the control and
butter groups. No age-dependent significant
difference was obtained in the relative weight
of the kidneys of rats that ingested different
LD when compared to the control group
(0.36 to 0.42 g kidney/100 g body weight).
The initial increase in body weight was simi-
lar in all groups but from the 16th week until
the end of the experiment, LD caused an
additional 10% increase in this parameter, as
shown in Figure 1. As also shown in the
figure, proteinuria began to rise from the 8th
month in LD groups while in the control
group it was not before 10th month that
proteinuria was observed at significant lev-
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els, a result that agrees with previous data
obtained by Anderson et al. (3) for male
Munich-Wistar rats. These results suggest
that the chronic ingestion of additional
amounts of lipid, even at a low level and
whatever the type, can trigger some degree
of nephron injury.
As shown in Table 1, at 9 months of age,
we observed a decline in GFR and renal
plasma flow in the animals which ingested
the lipid-rich diets, and in 18-month-old rats,
the fish oil and butter groups showed a sig-
nificant decrease in those parameters when
compared to the control group at the same
age; if corrected for kidney weight, these
differences were still present; for example,
GFR was 1.95 – 0.11 in controls, 0.95 – 0.04
in the butter group, 1.04 – 0.17 in the fish oil
group and 1.33 – 0.29 ml min-1 g-1 in the
canola oil group, confirming that the age-
dependent decline in renal function was ac-
celerated by the ingestion of LD. The com-
plex mechanism by which lipids aggravate
renal diseases is not well understood. Fac-
tors such as intraglomerular macrophage
infiltration, increased glomerular capillary
pressure and the degree of lipoprotein oxida-
tion have been claimed to be major determi-
nants of the progression of glomerulosclero-
sis (5-7). However, the controversy about
the effects of different types of lipid-rich
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Figure 1 - Panel A, Body weight of rats fed a stock diet and supplemented with different
lipid-enriched diets (LD). The animals were 12 weeks old at the beginning of the experi-
ment. From the 16th week until the end of the experiment, the mean body weight of rats
fed the LD tended to be about 10% higher than that of control animals. Panel B, Serial
values for 24-h proteinuria in control and LD rats. Rats fed the LD developed progressive
proteinuria from 8 months until the end of the experiment. Control rats developed protein-
uria from 10 months on.
Table 1 - Mean values of renal function data for 6-, 9- and 18-month-old rats treated with different lipid-enriched diets.
GFR, Glomerular filtration rate; RPF, renal plasma flow; AE, net acid excretion. Results are reported as means ± SEM; N = 18 for all groups. *P<0.05 vs control;
+vs canola; #vs fish oil; $vs the same LD group at 9 months of age (analysis of variance followed by the Scheffé test).
GFR (ml min-1 kg-1) RPF (ml min-1 kg-1) AE (µEq min-1 kg-1)
6 months 9 months 18 months 6 months 9 months 18 months 6 months 9 months 18 months
Control 6.40 ± 0.45 5.88 ± 0.31 5.01 ± 0.21 17.22 ± 0.93 19.30 ± 1.20 13.28 ± 0.61$ 5.25 ± 0.36 4.45 ± 0.232 2.29 ± 0.14$
Canola 4.45 ± 0.18 4.72 ± 0.30 4.31 ± 0.43* 13.53 ± 0.44 14.92 ± 0.97 12.16 ± 0.74 3.32 ± 0.24 3.33 ± 0.32* 2.36 ± 0.14$
Fish oil 4.35 ± 0.25 4.30 ± 0.34* 3.09 ± 0.18*$ 15.79 ± 0.79 13.26 ± 1.43* 11.17 ± 0.81 4.41 ± 0.28 5.49 ± 0.27*+ 4.36 ± 0.23
Butter 4.42 ± 0.28 4.50 ± 0.31* 2.93 ± 0.22*+$ 12.30 ± 0.49* 14.88 ± 1.27 9.27 ± 0.65*+$ 3.36 ± 0.31 3.17 ± 0.26*# 2.58 ± 0.13$
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In a study by Ingram et al. (10) the authors
showed that supplementation with flax oil
(which is rich in a-linolenic acid) to rats sub-
jected to 5/6 nephrectomy slowed the renal
injury. Fish oil supplements have been advo-
cated to have beneficial effects in IgA ne-
phropathy (11), diabetic nephropathy (12) and
in a model of subtotal renal ablation (13). In
contrast, one study using the remnant model of
experimental renal injury has demonstrated a
deleterious effect of fish oil administration on
renal structure and function (14), and in a
clinical study, w-3 supplementation was un-
able to reduce lipoprotein concentration in
patients with chronic glomerular disease (15).
The present data suggest that fish oil supple-
mentation not only was unable to protect against
the natural age-induced modification in renal
hemodynamics but accelerated the decline in
glomerular function to the same extent as
butter did, a result suggesting that the physio-
pathology of the decline of renal function
observed during aging differs from that trig-
gered in models of renal ablation, in which
clear benefits were demonstrated concerning
glomerular hemodynamics. In fact, Schmitz et
al. (13) observed a 15% reduction in mean
arterial pressure in nephrectomized rats
treated with 17% w-3 when compared to
untreated animals and suggested that, col-
lectively, the hemodynamic effects were simi-
lar to those obtained after angiotensin II
blockade. Although in our study mean arteri-
al pressure was maintained at normal levels
throughout the experimental period, it is im-
portant to remember that young and old rats
respond differently to vasomodulating sub-
stances such as eicosanoids.
In young adults, renal hemodynamics is
not controlled by eicosanoids but with age it
becomes dependent on vasodilatory prosta-
glandins (PG) and the renal vasoconstrictor
effect of thromboxane A2 may be accentuated
(16). In our study, w-3 was given in a low-dose
regimen (5%) which may have been insuffi-
cient to protect the kidney against the vasocon-
strictor stimulus. However, the effect of age
and the type of diet on the tubular ability of
acid excretion deserves attention. In 9-month-
old control rats, as expected, acid excretion
was maintained at the level of that observed at
6 months of age; however, both the canola oil
and butter groups showed a significant decline
in this parameter while a stimulus in acid
excretion was shown in the fish oil group at
that age, which persisted until 18 months. In
all the other 18-month-old rats, including the
control group, a decline in acid excretion was
observed. It is accepted that the aged kidney
can maintain the acid-base balance under nor-
mal conditions, but not when subjected to an
acid load. Among several factors that can
impair the secretion of H+, the decreased avail-
ability of Na+-K+-ATPase in the basolateral
membrane of the tubular cells (17) and the
decreased ability of ammonium excretion (18)
have been demonstrated in the aged kidney.
On the other hand, PG are one of several
factors that can influence renal ammoniagen-
esis; since w-3 ingestion is able to affect renal
PG synthesis and membrane fluidity, it is not
unexpected that chronic consumption of a fish
oil diet could interfere with ammonium excre-
tion and consequently with acid excretion.
This is the first report of the effect of long-term
LD feeding on the ability of acid excretion
which was stimulated in the fish oil group due
to a significant increase in the ammonium
component, while titratable acidity remained
unchanged.
In MDCK cells, PGE2 has been shown to
induce intracellular alkalinization via stimu-
lation of the Na+-H+ exchanger (19), while in
vivo experiments in rats have demonstrated
that PG were able to inhibit renal ammonia-
genesis (20). In fact, the influence of dietary
FA intake on overall acid excretion ability
has been poorly investigated and much more
work is needed to clarify this point. More-
over, the present data suggest that different
types of LD can have different repercussions
on glomerular and tubular function, a fact
that may be useful in the management of
several kinds of nephropathies.
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